Background-Transcatheter pulmonary valve placement is an emerging therapy for pulmonary regurgitation and right ventricular outflow tract obstruction in selected patients. The Melody valve was recently approved in the United States for placement in dysfunctional right ventricular outflow tract conduits. , 136 patients (median age, 19 years) underwent catheterization for intended Melody valve implantation at 5 centers. Implantation was attempted in 124 patients; in the other 12, transcatheter pulmonary valve placement was not attempted because of the risk of coronary artery compression (nϭ6) or other clinical or protocol contraindications. There was 1 death from intracranial hemorrhage after coronary artery dissection, and 1 valve was explanted after conduit rupture. The median peak right ventricular outflow tract gradient was 37 mm Hg before implantation and 12 mm Hg immediately after implantation. Before implantation, pulmonary regurgitation was moderate or severe in 92 patients (81% with data); no patient had more than mild pulmonary regurgitation early after implantation or during follow-up (Ն1 year in 65 patients). Freedom from diagnosis of stent fracture was 77.8Ϯ4.3% at 14 months. Freedom from Melody valve dysfunction or reintervention was 93.5Ϯ2.4% at 1 year. A higher right ventricular outflow tract gradient at discharge (Pϭ0.003) and younger age (Pϭ0.01) were associated with shorter freedom from dysfunction. Conclusions-In this updated report from the multicenter US Melody valve trial, we demonstrated an ongoing high rate of procedural success and encouraging short-term valve function. All reinterventions in this series were for right ventricular outflow tract obstruction, highlighting the importance of patient selection, adequate relief of obstruction, and measures to prevent and manage stent fracture. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00740870. (Circulation. 2010;122:507-516.)
I t has been nearly a decade since transcatheter pulmonary valve (TPV) placement was first reported by Bonhoeffer et al 1 with a device comprising a valved segment of bovine jugular vein sewn within a balloon-expandable stent. A modified version of the original device, the Melody valve (Medtronic Inc, Minneapolis, Minn), is now approved and commercially available throughout much of the world. In January 2010, the US Food and Drug Administration formally approved the Melody valve for placement in dysfunctional right ventricular (RV) outflow tract (RVOT) conduits under a humanitarian device exemption.
Clinical Perspective on p 516
In patients with postoperative RVOT dysfunction, whether pulmonary regurgitation (PR), obstruction, or both, the opti-mal timing and method of treatment are not always obvious. Although there is clear evidence that PR and RV hypertension are deleterious, the incremental effects of progressive and increasingly chronic RV volume and pressure overload may be difficult to understand. [2] [3] [4] [5] [6] Despite numerous studies of clinical outcomes in RVOT disease, there are limited data to guide the timing of therapy for RVOT dysfunction. [7] [8] [9] [10] Surgical conduit or pulmonary valve replacement is the established standard of care, but patients are often managed with PR or RVOT conduit obstruction for many years before referral for surgery. The availability of less invasive options for pulmonary valve placement, such as transcatheter valve implantation, may provide a means of limiting the duration and severity of RV volume and/or pressure overload without increasing the lifetime number of open heart operations, potentially shifting the risk-benefit balance in favor of earlier reintervention in many patients. To determine the ultimate clinical role of TPV, it is imperative that the physiological and adverse effects of this therapy are characterized rigorously.
In a series of reports, Bonhoeffer and colleagues 1,10 -21 have catalogued their ongoing experience with the Melody valve. In various investigations, they found that Melody implants reduced RVOT obstruction, provided a competent pulmonary valve, improved functional status and peak exercise parameters, and in some patient subsets, improved biventricular function and efficiency. In 2009, we reported early outcomes in the initial 34 patients enrolled in the US Melody TPV trial, the first prospective multicenter study of this valve with a standardized protocol for entry, implantation, and follow-up. 22 Implantation was achieved successfully in all but 1 patient, with an acceptable frequency of adverse events and encouraging short-term outcomes. On the basis of these results, we concluded that the Melody platform can be adopted by experienced, properly trained interventional pediatric/congenital cardiologists without a substantial technical learning curve and meets short-term therapeutic objectives in a large majority of rigorously selected patients. Aside from our study and those from Bonhoeffer's group, there are limited published data on the outcomes of TPV therapy. [23] [24] [25] The US Melody TPV trial has continued, and the cohort has expanded beyond the initial 30-implant target. After the recent Food and Drug Administration approval of the valve, we evaluated procedural, short-term, and limited midterm results in the cohort enrolled through the middle of August 2009.
Methods

Patients and Study Protocol
The multicenter US Melody TPV trial is an ongoing prospective, nonrandomized study that will follow patients for 5 years after TPV placement. Patients with a spectrum of RVOT conduit dysfunction were enrolled and evaluated in a systematic fashion to assess the safety, procedural success, and short-term effectiveness of the Melody valve. The original study protocol and initial cohort from this trial were reported previously. 22 After the initial phase of the trial, several protocol modifications were incorporated through amendments that also extended the cohort from its original target of 30 implants in 4 increments to 35, 70, 120, and finally, 150 implants, and the number of study sites from 3 to 5. For this study, the database was closed for analysis on August 17, 2009, before full enrollment; only patients catheterized by this date were included.
The original inclusion and exclusion criteria 22 were modified to allow enrollment of patients with contraindications to magnetic resonance imaging (MRI), patients in whom concomitant transcatheter interventions were indicated, and patients with a bioprosthetic valve not housed in a circumferential conduit as long as the manufacturer-specified inner diameter ranged from 18 to 20 mm. The previously reported catheterization protocol 22 was modified to allow concomitant transcatheter interventions at the time of Melody valve implantation at the discretion of the investigator. The follow-up protocol 22 was modified to eliminate the 1-month visit and all computed tomography pulmonary angiography evaluations.
Patients with a dysfunctional RVOT conduit or bioprosthetic pulmonary valve were identified by investigators at each of the 5 study sites: Children's Hospital Boston, Children's Hospital of New York, Miami Children's Hospital, Seattle Children's Hospital, and Nationwide Children's Hospital. Patients meeting the previously published and aforementioned criteria 22 who wished to be considered for inclusion in the trial were asked to provide written informed consent before preimplantation imaging, after which a screening echocardiogram was performed. If the prespecified hemodynamic criteria were met, the evaluation was completed. Patients meeting only the echocardiographic PR criterion (severe, with RV dilation and/or dysfunction for New York Heart Association [NYHA] class I; moderate or greater for NYHA class II and above) were categorized as having a primary implantation indication of PR, those meeting only the RVOT gradient threshold (mean gradient Ն40 mm Hg for NYHA class I; Ն35 mm Hg for NYHA class II and above) were categorized as having a primary implantation indication of RVOT obstruction, and those meeting both criteria for their NYHA class were categorized as having mixed disease.
The study was conducted under an investigational device exemption (No. G050186), and all versions of and amendments to the protocol were approved by the Food and Drug Administration, the Center for Devices and Radiological Health, and the Institutional Review Board at each institution. The trial is registered in ClinicalTrials.gov (identifier: NCT00740870).
Catheterization and Valve Implantation
The catheterization protocol for the US trial, including specifications for predilation, balloon sizing, and evaluation of coronary compression, was summarized in detail in our prior report. 22 As noted above, concomitant procedures, which were not permitted in the first 35 implanted patients, were subsequently allowed.
Follow-Up Evaluation
Follow-up evaluations were conducted at prespecified intervals at the implanting center as previously reported. 22 For each evaluation, data were recorded by the investigator and entered into a Web-based data collection system, which is maintained by the sponsor of the trial, Medtronic Inc. Raw data from all echocardiograms, MRI studies, and exercise tests were forwarded to core laboratories, which repeated all required measurements and entered them into the same Web-based data collection system. Thus, for each study, both site and core laboratory data were recorded. For data subjected to core review, including echocardiographic, MRI, and exercise data, only patients implanted and measurements entered into the system by the core investigators by the time of database closure (August 17, 2009) were used for this report. Unless otherwise specified, only core readings of echocardiographic, MRI, and exercise data are presented. Data elements not subjected to core review, including catheterization data, vital status, NYHA classification, radiographic data, ECG data, and reports of adverse events and reinterventions, were included through database closure. Because of the inevitable delay between follow-up evaluation and core laboratory reading, clinical data and on-site measurements were usually entered into the data collection system before core readings. Thus, when the database was closed to generate the data set used for this analysis, more clinical follow-up data were available than core data. Data obtained by August 17, 2009, but not yet entered into the database were subsequently added to the analysis at the time of manuscript revision.
Statistical Analysis
Data on adverse events are presented for all patients who underwent catheterization. Procedural results are presented for all patients in whom TPV placement was attempted. Follow-up imaging and data are presented for the 6-, 12-, and 24-month evaluations for all patients with core laboratory data available at the specified time point; exercise data are presented for the preimplantation and 6-month follow-up time points. Analysis of survival free from reintervention was performed for the entire catheterized cohort, including patients who died or underwent early postimplantation RVOT reintervention. Other freedom-from-event analyses, including freedom from Melody valve dysfunction (moderate or greater PR, mean Doppler RVOT gradient Ն40 mm Hg, or reintervention), freedom from a second TPV, and freedom from diagnosis of stent fracture, were performed for all patients in whom a valve was implanted and in place for Ͼ24 hours. For analysis of freedom from reintervention or placement of a second TPV, patients who did not meet event criteria were censored at the last date they were known to be alive and in follow-up. For analysis of freedom from valve dysfunction and diagnosis of stent fracture, those without valve dysfunction or stent fracture were censored at the most recent evaluation time point for which core echocardiography data or site radiographic data were available, respectively. Because a temporal window was allowed for each standard study evaluation, estimates of freedom from diagnosis of stent fracture are reported for time points at the end of each evaluation window (eg, 14 months for the 1-year evaluation). Time-to-event analyses were performed with Kaplan-Meier analysis. Factors associated with shorter freedom from TPV dysfunction were assessed by Cox regression, with variables significant at PϽ0.05 on univariable analysis entered into a forward stepwise multivariable model. The following predictor variables were included in the univariable analysis of freedom from TPV dysfunction: procedure order, age, diagnosis, conduit type and size, primary implantation indication, preimplantation and early postimplantation hemodynamics, and existing or new bare metal stents in the RVOT. Hazard ratios (HRs) are presented with 95% confidence intervals (CIs). Predictor variables not specified in the text were not significant by univariable analysis. Wilcoxon signed-rank test was used to evaluate the change in continuous paired data (from before implantation to 6 months after), with the Hochberg 26 procedure used to adjust for multiple comparisons. Adjusted P values are presented, with value of PՅ0.05 considered statistically significant. Statistical analyses were performed with SAS (SAS Institute Inc, Cary, NC) version 9.1 software.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Patients
From January 2007 through August 19, 2009, 136 patients (87 male, 64%) were enrolled and underwent cardiac catheterization at a median age of 19 years (7 to 53 years). Diagnostic and conduit-related data are summarized in Table  1 . Baseline right-sided hemodynamics are summarized in Table 2 . PR was moderate or severe before implantation in 81% of patients with available data. The primary implantation indication among catheterized patients was PR in 70 patients (52%), RVOT obstruction in 36 (26%), and mixed disease in 30 (22%). As noted in Methods, the primary indication was assigned on the basis of screening echocardiographic data, but this categorization did not always reflect the presence of mixed disease ( Figure 1 ). For example, the median directly measured RV pressure and peak RVOT gradient among patients with a PR indication were 58 and 23 mm Hg, whereas in those with a primary indication of obstruction or mixed disease, these measures were 70 and 43.5 mm Hg, respectively. Similarly, many patients with a primary indication of RVOT obstruction had PR and RV dilation, with the MRI-derived PR fraction in this subgroup ranging as high as 55% (median, 4.5%) and indexed RV end-diastolic volume as high as 225 mL/m 2 (median, 95 mL/m 2 ).
Procedural and Short-Term Outcomes
TPV placement was attempted in 124 of the 136 patients who underwent catheterization. Implantation was not attempted in 12 patients because of the risk of coronary compression in 6 ( Figure  2 ), insufficient RVOT obstruction in 3 with stenosis as the primary implant indication, an anatomically unsuitable conduit (Ͼ20 mm in diameter by angiography or balloon sizing) in 2, and indication for concomitant pulmonary artery stenting (disallowed in the initial version of the protocol) in 1. Of these 12 patients, 5 subsequently underwent surgical conduit or pulmonary valve replacement, while conduit replacement was planned (as of the date this manuscript was submitted) in 2, pulmonary arterial stenting was performed in 1, and 4 received medical management. Among patients undergoing TPV placement, the valve was delivered from a femoral venous approach in 120 patients, the right internal jugular vein in 3, and the left subclavian vein in 1. Pre-dilation of the conduit was performed before balloon sizing in all but 2 patients. The angiographic conduit diameter prior to intervention ranged from 5-19.7 mm (median 12.9 mm), and the diameter of the sizing balloon waist (measured after pre-dilation, when performed) ranged from 14 -20 mm (median 17 mm).
Overall, TPV placement resulted in acute reduction in the RV pressure to a median of 41.5 mm Hg, the peak RVOT pressure gradient (including any subvalvar RVOT obstruction) to a median of 12 mm Hg, and the ratio of RV to aortic pressure to a median of 0.42. Hemodynamic results are presented by primary implantation indication in Table 3 . All patients had no or trivial PR, except for 1 who was reported to have moderate angiographic PR but subsequently shown by echocardiography to have none (Figure 3 ). Additional interventional procedures at the same catheterization were not permitted in the initial 35 implanted patients but were performed in 51 of the subsequent 89 patients who underwent TPV. Concomitant interventions included bare metal stenting of the RVOT in 43 patients (single stent in 25, multiple stents in 18), branch pulmonary artery stenting or angioplasty in 8, coronary artery stenting in 1, inferior vena cava stenting in 1, and atrial septal defect closure in 1. Average procedure and fluoroscopy times were 174Ϯ67 and 46Ϯ25 minutes.
Eight of the 136 patients catheterized (6%) experienced serious procedural adverse events: coronary artery dissection treated with stenting and extracorporeal membrane oxygenation (nϭ1); conduit rupture treated with emergent surgery (nϭ1); contained conduit rupture/tear treated with covered stent placement (nϭ1); wide-complex tachycardia treated with cardioversion (nϭ1); hypercarbia and elevation of LV filling pressure treated acutely with milrinone and mechanical ventilation (nϭ1); femoral vein thrombosis treated with anticoagulation, thrombolysis, and balloon angioplasty (nϭ1); and 2 guidewireinduced perforations of a distal pulmonary artery branch (1 treated with coil occlusion of the injured vessel, 1 self-limited). The patient with a coronary dissection had severe biventricular dysfunction before catheterization and was diagnosed during the procedure, before TPV placement, with previously unrecognized occlusion of the proximal left coronary artery by the surgically placed bioprosthetic valved conduit. After coronary stenting, resuscitation, and TPV implantation, the chronically occluded coronary was recanalized and stented. This patient was able to come off extracorporeal support but subsequently suffered an intracranial hemorrhage and died. The 7 surviving patients with adverse events were discharged within 1 week of implantation; all other patients were discharged from the hospital the day of or the day after the procedure.
Follow-Up
Clinical Status and Functional Capacity
Aside from the patient who died after coronary dissection, all implanted patients were alive at the time of follow-up. Ninety- Data are presented as meanϮSD and median (range). Echocardiographic and MRI data are not available for all patients, as discussed in the text. Improvements in NYHA class were observed at the 6-month visit and sustained through the duration of available follow-up in most patients (Figure 4 ). Across all evaluation intervals, there were 5 instances in which patients declined from NYHA class I to II, 3 of which were associated with stent fracture and recurrent RVOT obstruction. The QRS duration did not change from preimplantation to 6 months (Table 4 ).
Cardiopulmonary exercise testing was performed at baseline in 113 patients, and paired preimplantation and 6-month data were available in 93 ( Table 4 ). The VE/VCO 2 slope was significantly lower (improved) at 6 months; the preimplantation to 6-month change in peak VO 2 as a percent of the predicted value was significant before adjustment but not after. These results were no different between patients with a primary implantation indication of PR and those with RVOT obstruction or mixed disease. The respiratory exchange ratio was Ͻ1.1 (suggesting submaximal effort) in 40 (43%) of these 93 patients on the preimplantation study and 36 (39%) on the 6-month study.
Hemodynamic Results
Echocardiography
Core echocardiographic measurements were available for the preimplantation evaluation in 120 of the 123 implanted patients with an intact valve at 24 hours, for the early post-TPV study in 118, for the 6-month visit in 98, for the 1-year visit in 61, and for the 2-year visit in 22. Echocardiographic PR, which was moderate or severe before implantation in 81% of patients with available data, was none or trivial at all time points in Ͼ90% of patients with follow-up ( Figure 3) . RV pressure and RVOT gradients were lower at 6 months than before implantation (Table 4 ). Among patients with paired preimplantation and 12-month postimplantation data, estimated RV pressure was down from a median of 74 mm Hg (33 to 110 mm Hg) to 54 mm Hg (31 to 102 mm Hg), and the mean RVOT gradient was down from 28 mm Hg (8 to 63 mm Hg) to 19 mm Hg (6 to 48 mm Hg; both Pϭ0.001).
MRI Measurements
Preimplantation core laboratory MRI measurements were available in 100 patients, and paired preimplantation and 6-month postimplantation MRI data were available in 80 patients. Eleven patients did not undergo preimplantation MRI because of the presence of a pacemaker or internal defibrillator, and 13 did not undergo MRI for other reasons or because adequate data could not be obtained due to artifact from metallic implants. The PR fraction was down from a median of 26.7% to 1.8%, with a maximum of 11.6%, and only 9 patients had a PR fraction Ͼ5%.
As summarized in Table 4 , RV end-diastolic volume, PR fraction, and RV mass decreased significantly, but RV ejection fraction did not change. These changes were observed regardless of primary implantation indication.
Stent Fracture
Stent fractures were diagnosed in 25 patients: 8 initially at the 3-month evaluation, 10 at the 6-month evaluation, 4 at the 1-year evaluation, and 3 at the 2-year evaluation. In all but one of these patients, the fracture was initially defined as minor, with Ն1 individual struts fractured but no loss of stent integrity. One stent fracture was major at the time of identification (defined as multiple strut fractures with a loss of stent integrity), and 6 progressed from minor to major during the course of follow-up. As depicted in Figure 5 , freedom from diagnosis of stent fracture was 83.7Ϯ3.7% at 7.5 months (after all 6-month evaluations were complete) and 77.8Ϯ4.3% at 14 months (after all available 1-year evaluations were complete).
Melody Valve Dysfunction and Reintervention
Including the patient who underwent emergent conduit replacement for conduit rupture during the implantation procedure, 11 patients underwent RVOT reintervention after TPV. Nine of these patients received a second TPV for stent fracture and recurrent RVOT obstruction (1 as a second reintervention after prior redilation of the Melody valve), 1 underwent redilation of the original Melody valve without placement of a second TPV, and 1 had emergent conduit replacement, as discussed above and previously. 22 Among the 10 patients who underwent catheter-based reintervention, the median directly measured RVOT gradient was 47.5 mm Hg (16 to 68 mm Hg) before reintervention and fell to 9 mm Hg (6 to 11 mm Hg) after reintervention. Among the 9 patients who underwent placement of a second TPV, the primary indication for the original Melody valve implantation was PR in 4, RVOT obstruction in 3, and mixed PR and obstruction in 2. Two of the 4 with a primary implantation indication of PR had a peak RVOT gradient Ͻ20 mm Hg at the initial catheterization.
Survival free from RVOT reintervention was 95.4Ϯ2.1% at 1 year and 87.6Ϯ4.5% at 2 years. Freedom from a second TPV was 96.9Ϯ2.0% at 1 year and 90.4Ϯ4.4% at 2 years ( Figure 5 ). Freedom from TPV dysfunction was 93.5Ϯ2.4% at 1 year and 85.6Ϯ4.7% at 2 years. By multivariable Cox regression analysis, a higher mean RVOT gradient on discharge echocardiography (univariable HR, 3.3; 95% CI, 1.4 to 7.4 per 10 mm Hg; Pϭ0.003; multivariable HR, 3.2; 95% CI, 1.5 to 6.8 per 10 mm Hg; Pϭ0.003) and younger age (univariable HR, 0.85; 95% CI, 0.74 to 0.98 per year; Pϭ0.008; multivariable HR, 0.86; 95% CI, 0.73 to 0.99 per year; Pϭ0.01) were associated with shorter freedom from TPV dysfunction. A primary implantation indication of RVOT obstruction or mixed disease was the only other independent variable that was significant by univariable but not multivariable analysis (univariable HR, 5.7; 95% CI, 1.4 to 23.5; Pϭ0.01; Figure 5 ).
Adverse Events
Aside from procedural adverse events, stent fractures, recurrent obstruction, and reinterventions summarized above, the only adverse events reported during follow-up consisted of right heart failure associated with pulmonary hypertension (nϭ1) and worsening tricuspid regurgitation in the setting of recurrent RVOT obstruction, which was subsequently treated with placement of a second TPV (nϭ1).
Discussion
In this expanded cohort of 136 patients referred for Melody valve implantation as part of the US investigational device exemption trial, we substantiated the findings of our initial 34-patient cohort 22 with 2 additional sites and nearly 100 additional implantations. Serious adverse events were uncommon, and implantation was achieved successfully in all but 1 patient, who experienced a conduit rupture that was treated with surgical conduit replacement. There was 1 death, which resulted from complications of a coronary artery dissection that occurred before TPV implantation in a patient with severe biventricular dysfunction and a coronary artery that was found to be occluded by the conduit before intervention.
Assessment of the Melody valve can be divided into evaluation of device performance and clinical impact, each of which can be thought of in the short term and longer term.
Valve Performance
The hemodynamic effectiveness of the Melody valve in this series was similar to findings reported by Bonhoeffer's group and in our earlier report. 11, 15, 22 Pulmonary valve competence was maintained in patients for as long as they were followed up, and RV end-diastolic volume was significantly smaller at 6 months than before implantation. Directly measured and Doppler RVOT gradients were significantly lower after TPV implantation but not eliminated completely in most patients with obstruction. Although we did not observe significant changes in RV function in this series, it has been shown in other cohorts that RV pressure and/or volume unloading with valve placement is associated with improved RV and septal strain, 25 which we did not measure, and with improved biventricular function. 12, 14, 19 The appropriate outcome measure for assessing longerterm TPV function is debatable. Freedom from RVOT reintervention or reoperation is a clear, temporally defined outcome but is based on various factors other than valve function, including judgment about hemodynamic and clini- Data are presented as meanϮSD and median (range). The numbers of patients with follow-up data do not equal the number with clinical follow-up because of the time lag between clinical follow-up evaluation and core laboratory reading/entry of study data, as discussed in Methods, and MRI studies that were not performed because of pacemakers or metallic artifact. cal criteria for reintervention, and may be inadequate as a measure of valve performance. Hemodynamic criteria are preferable but are limited in their temporal resolution (ie, only ascertained when specific evaluation is performed) and may be inaccurate because of difficulty imaging the RVOT and/or other technical factors. In this study, we analyzed various outcomes, including survival free from RVOT reintervention, freedom from a second TPV, and freedom from TPV dysfunction, a composite outcome defined as moderate or greater PR, a mean RVOT gradient Ն40 mm Hg, or RVOT reintervention. In most of our patients, relief of obstruction was maintained throughout the follow-up, but recurrent obstruction, usually associated with stent fracture, led to RVOT reintervention in 10 patients, 9 of whom received a second Melody valve. Freedom from TPV dysfunction was 93.5Ϯ2.4% at 1 year and 85.7Ϯ4.7% at 2 years. On multivariable analysis, a higher echocardiographic RVOT gradient at the time of discharge and younger age were associated with shorter freedom from dysfunction. A primary implantation indication of RVOT obstruction or mixed disease was associated with shorter freedom from TPV dysfunction on univariable but not multivariable analysis.
When Lurz et al 15 assessed risk factors for RVOT reoperation, which were for obstruction, conduit rupture, or valve malposition in all cases (ie, not PR), they found shorter freedom from reoperation in their first 50 patients than in subsequent patients and in patients with a residual RVOT gradient Ն25 mm Hg after TPV placement. An important determinant of the improved outcomes in their more recent experience was their adoption of a "valve-in-valve" approach to TPV dysfunction, with concentric placement of a second Melody valve within the first, usually with additional bare metal stents implanted to buttress the conduit. 16 In contrast to their experience, we found no time-order effect or obvious learning curve in our experience, which is likely due in part to the rigorous, standardized inclusion criteria of the US trial.
Recurrent or new RVOT obstruction after TPV implantation, usually associated with stent fracture, is one of the major issues confronting this technology. Simply by virtue of the dynamic implant environment and the intrinsic characteristics of metals used for balloon-expandable stents, RVOT stents are at ongoing risk for fatigue and fracture. 13, 27 The response of the device to fracture may vary from patient to patient, depending on a variety of factors, and it is possible that some device fractures will not become hemodynamically or clinically important. In our cohort, device fracture was not necessarily associated with valve dysfunction when the fracture was identified, and it is unknown whether stent fractures will inevitably lead to device failure and consequent RVOT obstruction. Although we estimated freedom from diagnosis of stent fracture in this analysis, which was just under 80% at the end of the 1-year evaluation window, we elected to defer evaluation of risk factors for stent fracture in light of ongoing diagnosis of fractures at the 1-and 2-year evaluations and the potential importance of conduit-related factors not included in the original study database. Additional data are being collected to address these issues.
Clinical Impact
The clinical implications of treating RVOT dysfunction are both immediate and longer term. In the short term, a large majority of patients in this series demonstrated improved functional capacity, as evidenced by improvement in NYHA status. There was also a modest improvement in the VE/VCO 2 slope. Coats et al 12, 14 previously reported that some exercise parameters improved after TPV in patients with predominant RVOT obstruction and not in those with primary PR, but this was not true in our cohort. Unfortunately, a high percentage of patients had a respiratory exchange ratio that suggested submaximal effort on both preimplantation and 6-month exercise studies, which may limit our ability to assess the impact of TPV placement on exercise cardiopulmonary function. 
